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The effect of alkali burn on corneal glutathione peroxidase
activities in rabbits
İlknur AKYOL SALMAN1, Ahmet KIZILTUNÇ2, Orhan BAYKAL1

Aim: Glutathione peroxidase (GPx) is an important corneal defense enzyme for protecting against hydrogen peroxides
and lipid peroxides. In the present study, corneal GPx activities after alkali burn of the cornea were evaluated in rabbits.
Materials and methods: Corneal alkali burn was created in the right eye of 10 rabbits by applying a 6 mm round filter
paper soaked in 1 N NaOH onto the central cornea for 60 s. The right eyes of 10 healthy rabbits served as controls. The
corneal GPx activities were determined by the method of Paglia and Valentina, 10 days after the burn.
Results: GPx activities were reduced significantly in alkali burned corneas compared to the normal controls (P < 0.05).
Conclusion: The data suggest that decreased GPx activities predispose the cornea to injury from reactive oxygen
radicals, besides the initial chemical damage of alkali burn.
Key words: Corneal alkali burn, free oxygen radicals, glutathione peroxidase, hydrogen peroxide, reactive oxygen
species

Tavşanlarda alkali yanığın korneal glutatyon peroksidaz aktivitesi
üzerine etkisi
Amaç: Glutatyon peroksidaz (GPx), korneada hidrojen peroksit ve lipid peroksitlere karşı önemli bir savunma enzimidir.
Bu çalışmada, tavşanlarda korneadaki GPx aktivitesi, korneal alkali yanık sonrası değerlendirildi.
Yöntem ve gereç: Korneal alkali yanık, 10 tavşanın sağ göz kornea merkezine, 1 N NaOH emdirilmiş 6 mm çaplı filtre
kağıdı 60 saniye tatbik edilerek oluşturuldu. 10 sağlıklı tavşanın sağ gözü kontrol olarak kullanıldı. Yanık sonrası 10.
günde, Paglia ve Valentina yöntemi ile korneal GPx aktivitesi değerlendirildi.
Bulgular: Alkali yanıklı kornealarda GPx aktivitesi, normal kontrollere göre anlamlı derecede azaldı (P < 0,05).
Sonuç: Alkalinin başlangıçtaki kimyasal hasarının yanı sıra, azalmış GPx aktivitesi, korneayı reaktif oksijen radikallerinin
hasarına da maruz bırakmaktadır.
Anahtar sözcükler: Korneal alkali yanık, serbest oksijen radikalleri, glutatyon peroksidaz, hidrojen peroksit, reaktif
oksijen partikülleri
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Introduction
Although alkali agents are independently toxic to
the cornea, to a large extent their injury to living cells
is also mediated by the generation of reactive oxygen
radicals (1-3). To deal with the damage by reactive
oxygen radicals, the cornea possesses integrated
enzymatic and non-enzymatic antioxidant and repair
systems (4-6). The antioxidant defense enzymes
react with reactive oxygen radicals and cellular
products of free radical chain reactions to convert
them to nontoxic products. An important corneal
antioxidative enzyme, glutathione peroxidase (GPx),
has the ability to detoxify hydrogen peroxide and
lipid peroxides in cells, and protects the cell protein
and membrane against oxidation (7). Thus, the
current work was undertaken to study the corneal
GPx activities of the cornea after an alkali burn.
Materials and methods
Ten New Zealand white rabbits weighing
2.5-3.0 kg were anesthetized by i.m. ketamine
hydrochloride at 25 mg/kg body wt. Additional
local anesthesia was achieved by instillation
of 0.5% proparacaine hydrochloride solution.
Corneal alkali burn was created in the right eye of
each rabbit by applying a 6 mm round filter paper
soaked in 1 N NaOH onto the central cornea for
60 s. After the standardized exposure to alkali
agent, the eyes were rinsed by dropping 2 mL of
physiological saline for 2 min (8). Ofloxacin 0.3%
(Exocin; Allergan, Westport, Co. Mayo, Ireland)
was applied daily to prevent corneal infection. The
right eyes of 10 healthy rabbits served as controls.
Ten days after the burn, the animals were killed by
intravenous injection of 100 mg/kg pentobarbital.
Then the entire corneal tissues in each rabbit were
removed for GPx analysis.
Each corneal tissue was homogenized in 3 mL
of 0.1 M Tris-HCl buffer (pH 7.2), containing 154
mM NaCl. It was performed on ice by a mechanical
homogenizer (OMNI TH International, model TH
220 Warrenton, VA, USA). The homogenate was
centrifuged at 10,000 ×g for 15 min at 4 °C. The
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supernatant was stored at −80 °C in aliquots. The
protein concentration of supernatant was determined
by Bradford’s method (9).
GPx activity was measured by the method of
Paglia and Valentina (10). Briefly, 100 μL of corneal
supernatant in 1 mL of reaction mixture, containing
50 mM potassium phosphate buffer (pH 7.0), 3.6 mM
sodium azide, 5 mM GSH, 0.3 mM NADPH, and 10
μL of glutathione reductase, was incubated at 37 °C
for 10 min. After the addition of 50 μL of tert-butyl
hydroperoxide (tBH), the reduction in the absorbance
of NADPH at 340 nm was measured. By measuring
the absorbance change per minute and by using the
molar extinction coefficient of NADPH, GPx activity
was calculated. The activity was expressed in units
per gram of wet tissue (U/g.wet.tissue).
The animals were treated under the Guidelines
for Animal Research at Atatürk University Faculty of
Medicine, and the ARVO resolution on the Care and
Use of Animals in Vision Research.
Normality of the data was tested with the ShapiroWilk test. The difference between the 2 groups was
evaluated by independent samples t test and P values
less than 0.05 were considered statistically significant.
Data were analyzed using SPSS 15.0 for Windows
(SPSS Inc., Chicago, USA).
Results
The cornea was resurfaced completely by
epithelium by 7-10 days postburn. Infiltration,
corneal perforation, and neovascularization of the
corneas and redness of the eyes were not observed.
Immediately after the corneal alkali injury the stroma
turned very opaque, producing a sharp demarcation
from the surrounding transparent non-injured area.
The size of the opacity was maintained during the 1
week of observation.
The mean corneal GPx activities of the groups
are presented in the Table. After alkali burn of the
cornea, the corneal GPx activities were significantly
reduced compared to the normal control values (P <
0.05) (Figure).
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Table. Corneal GPx activities in the groups (mean ± SD).
Group

GPx activities (U/g.wet.tissue )

Group 1 (alkali burned)

1743.78 ± 487.45

Group 2 (control)

2311.09 ± 598.30

GPx activities (U/g. wet. tissue)

3500.00
3000.00
2500.00

t = -2.32, P < 0.05

2000.00
1500.00
1000.00
Alkali burned eyes

Controls

Figure. Corneal GPx activities in the groups.

Discussion
Hydrogen peroxide (H2O2), superoxide (O2-),
and hydroxyl radical (OH) are oxygen-containing
compounds that are highly reactive free radicals, or
compounds that damage cellular lipids, proteins,
carbohydrates, and DNA (7). Recent years have
witnessed an explosion of knowledge implicating
free radicals and oxidative stress in virtually every
aspect of biology and medicine (11). Oxidative stress
is not just being recognized as a pivotal common
pathway for cellular death and dysfunction, but also
as an important target for therapeutic intervention
(11). Intense exposure to light, robust metabolic
activity, and high oxygen tension render the human
eye particularly vulnerable to oxidative damage and
the list of ophthalmological conditions potentially
involving reactive oxygen radicals is rapidly
expanding (6,7,11,12).
Although alkali agents are independently toxic to
the cornea, to a large extent their injury to living cells
is also mediated by the generation of reactive oxygen
radicals (1-3,8,13). Increased malondialdehyde
levels, the final product of lipid peroxidation, and
decreased superoxide dismutase activities, an

enzymatic scavenger of the superoxide free radical,
have been reported in aqueous humor after the
severe alkali burn of the cornea (13). Reactive oxygen
radicals could be released from the burnt cells of the
necrotic tissue (3) and be generated by the infiltrating
polymorphonuclear cells at the site of tissue damage
after the alkali burn (1,7).
It was reported that hydrogen peroxide is the
primary damaging agent in the corneal scavenging
system (4). Hydrogen peroxide can generate highly
reactive hydroxyl radicals through the nonenzymatic
Fenton reaction. Because hydrogen peroxide is
lipid soluble, it can diffuse through membranes
and generate hydroxyl radical at localised Fe2+ -or
Cu+ containing sites, such as the mitochondria. The
highly toxic hydroxyl radicals initiate chain reactions
that form lipid peroxides and lipid free radicals in
membranes, causing lipid degradation. Hydrogen
peroxide is also the precursor of hypochlorous
acid, a powerful oxidizing agent that is produced
endogenously and enzymatically by phagocytic
cells. The superoxide anion is also highly reactive,
but has limited lipid solubility and cannot diffuse
far. However, it can generate the more reactive
hydroxyl and hydroperoxy radicals by reacting
nonenzymatically with hydrogen peroxide in the
Haber-Weiss reaction (7,12).
GPx is an important corneal defense enzyme
for protecting against hydrogen peroxides and lipid
peroxides (5). After alkali burns the corneal GPx
activities were reduced significantly compared to
the normal controls in the present investigation.
Our results suggested that, even after the mild alkali
burn, the corneal scavenging systems for hydrogen
peroxides and lipid peroxides were reduced. Thus,
the cornea becomes more susceptible to the harmful
effects of reactive oxygen radicals after the alkali
burn.
Pharmacological treatments to reduce oxidative
damage in corneal tissue after alkali burns are
still under investigation (1,2,14-18). The use of
antioxidants, such as ascorbic acid, and superoxide
dismutase, has been observed to improve corneal
wound healing (2,15-17).
In the previous experimental investigation
by Nirankari et al., the use of glutathione as an
antioxidant was not effective in the treatment of
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alkali burned corneas (2). Our finding, the decrease
in corneal GPx activity after the alkali burn, may be
one of the reasons for the inefficiency of the external
supplementation of glutathione, because glutathione
acts as a cofactor with the enzyme GPx to detoxify
hydrogen peroxide and lipid peroxides in cells and
tissues. For that reason, an external supplementation
of glutathione and GPx together may be required to

provide optimum protection against alkali induced
damage in the cornea.
In conclusion, the present study demonstrates
that corneal GPx activity was significantly reduced
after alkali burn injury of the cornea. The data suggest
that decreased GPx activities predispose the cornea
to injury from reactive oxygen radicals, besides the
initial chemical damage of the alkali burn.
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